Background/Aims: The relationship between nonpulmonary organ failure and the development of acute respiratory distress syndrome (ARDS) in patients with sepsis has not been well studied. Methods: We retrospectively reviewed the medical records of patients with septic bacteremia admitted to the medical intensive care unit (ICU) of a tertiary academic hospital between January 2013 and December 2016.
INTRODUCTION
Sepsis remains a major public health problem, accounting for 5.2% of the total United States hospital costs in 2011, and is the primary cause of death from infection [1] . The development of acute respiratory distress syndrome (ARDS) is not uncommon among patients with sepsis, triggered by a direct lung injury caused by pneumonia or an indirect lung injury attributable to infection of a distant organ (e.g., acute pancreatitis).
Less is known about the relationship between nonpulmonary organ failure and ARDS development. One multicenter observational study found that pneumonia sepsis was associated with ARDS development [2] . In another observational prospective study, 4.6% of patients with extrapulmonary conditions developed www.kjim.org ARDS. The likelihood of developing ARDS (or acute lung injury) was 35.6% in patients with shock and 1.4% in those with nonpulmonary sepsis without shock [3] . However, because the lungs are one of the targets of an overwhelming acute systemic inflammatory response, the recognition of nonpulmonary organ failure as a risk factor for developing ARDS seems to be important [4] .
Multiorgan dysfunction in patients with sepsis is associated with increased in-hospital mortality. However, the data on the association between ARDS development and in-hospital mortality in patients with sepsis are conflicting. Two studies reported that, after adjusting for confounding factors, ARDS development after sepsis onset was not associated with an increased risk of mortality [5, 6] , while an epidemiological study found the opposite [7] . Therefore, we explored whether ARDS is a risk factor for hospital death in patients with sepsis.
In this study, we evaluated nonpulmonary organ failure associated with the risk of ARDS development and the impact of ARDS on mortality in patients with septic bacteremia.
METHODS

Study population
This retrospective study was performed in a tertiary academic hospital (830 beds) from January 1, 2013 to December 31, 2016. Adult patients (aged ≥ 18 years) with septic bacteremia admitted to the medical intensive care unit (ICU) were screened initially. Bacteremia was diagnosed when at least two blood cultures were positive. The exclusion criteria were (1) a positive blood test result believed to be caused by contamination (i.e., only one positive culture); (2) liver cirrhosis (≥ Child-Pugh B grade); (3) an uncontrolled hematological malignancy or a solid cancer; (4) use of steroids or immunosuppressants; (5) cardiopulmonary resuscitation upon ICU admission; and (6) a do-not-resuscitate status. However, cancer patients were eligible if they had been in complete remission for > 6 months, and patients who were taking low-dose steroids (i.e., ≤ 10 mg/day prednisolone or the equivalent) were also eligible. We used the Sepsis-3 definition to diagnose sepsis [8, 9] and followed the treatment recommendations of the Surviving Sepsis Campaign [10, 11] . We used the Berlin definition of ARDS [12] . We measured ARDS incidence during the first week of sepsis and classified ARDS severity according to the ratio of the arterial oxygen tension to the inspired oxygen fraction (PaO 2 /FiO 2 ): mild (200 < PaO 2 / FiO 2 ≤ 300 mmHg), moderate (100 < PaO 2 /FiO 2 ≤ 200 mmHg), and severe ARDS (PaO 2 /FiO 2 ≤ 100 mmHg).
The study was approved by the Hallym University Institutional Review Board (approval no. 2017-I049). The need for informed consent was waived because of the retrospective nature of the work.
Data collection and outcomes
We retrieved demographic characteristics and the following data by retrospective review of medical records: body mass index, the cause of sepsis, the organisms identified (and whether they were Gram-positive or -negative), sequential organ failure assessment (SOFA) scores and scores on the individual components thereof, and simplified acute physiology score II (SAPS II) at ICU admission. Laboratory data (i.e., the levels of lactate, C-reactive protein, and brain natriuretic peptide [BNP] ), the appropriateness of empirical antibiotics, and bacterial multidrug resistance were also investigated. We used the six individual components of the SOFA to assess organ failure, which was performed before ARDS developed; organ failure was considered present when any individual score was ≥ 2.
The primary outcomes were the associations between nonpulmonary organ failure and ARDS development; we also sought independent factors predicting ARDS development. The secondary outcome was the effect of ARDS on 28-day mortality.
Statistical analysis
All categorical variables are presented as numbers with percentages, and all continuous variables as medians with interquartile ranges (IQRs), while survival times are presented as means and standard deviation. The Mann-Whitney U test was used to compare continuous variables, and the chi-square or Fisher's exact test to compare categorical variables. Logistic regression analysis was performed using covariates that were significant (p < 0.05) on univariate analysis to identify independent risk factors for ARDS development; we employed a backward stepwise selection method based on the likelihood ratio. Kaplan-Meier survival curves
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RESULTS
Baseline characteristics
During the study period, 144 patients with septic bacteremia were screened initially; of these, 125 were enrolled (Fig. 1) . The median patient age was 73.0 years (IQR, 59.0 to 80.0), and 67 were male (Table 1 ). Sepsis and septic shock accounted for 51.2% and 48.8% of all patients, respectively; urinary tract infection (n = 47) was the most common cause of sepsis, followed by hepatobiliary infection (n = 30). Methicillin-resistant Staphylococcus aureus was the most common Gram-positive pathogen Figure 1 . Flow chart of patient enrolment into this study. CNS, central nervous system; ARDS, acute respiratory distress syndrome.
Table 1. Comparisons of baseline characteristics between ARDS and non-ARDS patients
Characteristic
All patients (n = 125) (17/31) and Escherichia coli the most common Gram-negative bacterium (52/94) ( Table 2) . Forty-three patients (34.4%) were infected by multidrug-resistant pathogens, and 11 received inappropriate empirical antibiotics (Table 3). The overall incidence of ARDS was 17.6% (22/125); those with pneumonia and skin and soft tissue infections had ARDS incidences of 35.7% (10/28) and 37.5% (3/8), respectively (Fig. 2) . The median interval between ICU admission and ARDS development was 1.0 days (range, 0.5 to 3.0), and the number of patients with mild, moderate, and severe ARDS was four (18.2%), five (22.7%), and 13 (59.1%), respectively. Regarding hospital outcomes, both 28-day and in-hospital mortality rates were higher in patients with ARDS than in those without ARDS (63.6% vs. 8.7%, p < 0.001; 72.7% vs. 11.7%, p < 0.001) ( Table 3) .
Organ failure and ARDS development
Patients who developed ARDS had higher SAPS II and SOFA scores at the time of ICU admission compared with those who did not develop ARDS (Table 1) . Of the six components of the SOFA score, the cardiovascular, central nervous system (CNS), respiratory, and coagulation scores were significantly higher in ARDS patients (Fig. 3A) , and the incidence of ARDS increased with the number of nonpulmonary organ failures (Fig. 4) . In addition, the cardiovascular, CNS, respiratory, renal, and coagulation scores were significantly higher in non-survivors than in survivors (Fig. 3B ).
Risk factors for ARDS development
Univariate analyses indicated that a total of 12 variables (eight baseline variables and four organ failure scores) differed significantly between patients who did and Enterobacter aerogenes (n = 1), Serratia marcescens (n = 1), Enterobacter cloacae (n = 1), and Edwardsiella tarda (n = 1). 
ARDS development and 28-day mortality
In the univariate analyses, 16 variables (11 baseline variables and five organ failure scores) differed significantly between survivors and nonsurvivors ( .015) were independently associated with the 28-day mortality. In the Kaplan-Meier survival curves for 28-day survival, the mean survival time was significantly shorter in patients with ARDS than in those without ARDS (Fig. 5 ).
DISCUSSION
We report several interesting findings. First, among nonpulmonary organ dysfunctions, CNS dysfunction and coagulopathy were significantly associated with ARDS development in patients with septic bacteremia. Second, ARDS development was significantly associated with an increase in 28-day mortality. We used the new Sepsis-3 definition, which aims to render diagnoses consistent and to facilitate early sepsis recognition [9] . The previous definitions of sepsis (Sepsis-1 and Sepsis-2 of 1991 and 2001, respectively) have been found to be invalid [13, 14] . In addition, the task force that developed Sepsis-3 emphasized life-threaten- Values are presented as median (interquartile range) or number (%). COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; MDR, multi-drug resistance; ARDS, acute respiratory distress syndrome; PaO 2 /FiO 2 , ratio of arterial oxygen tension to inspired oxygen fraction; BNP, brain natriuretic peptide; SOFA, sequential organ failure assessment; SAPS, simplified acute physiology score.
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ing organ dysfunctions [8, 9, 15] . In this context, we evaluated the role played by nonpulmonary organ failure in ARDS development early in sepsis. Sepsis is a common cause of ARDS. Although ARDS incidence varies by infection site, the risk factors for ARDS development remain unclear. Seethala et al. [2] found that the Acute Physiology and Chronic Health Evaluation (APACHE) II score, pneumonia, pancreatitis, an acute abdomen, and shock were independently predictive of ARDS in septic patients. Moss et al. [16] found that pneumonia was an independent predictor of ARDS, consistent with what was found by Gattinoni et al. [17] , who reported differences in respiratory mechanics and responses to positive end-expiratory pressure depending on whether ARDS was caused by a pulmonary or nonpulmonary source. In this study, we did not calculate lung injury scores, but patients with pneumonia (thus with higher respiratory SOFA scores) exhibited a significantly higher incidence of ARDS and a trend toward higher mortality, compared with the nonpneumonia group. Therefore, pulmonary infection may be significant in terms of ARDS development and may be associated with poor in-hospital outcomes.
Activation of coagulation and an unbalanced inflammatory reaction are characteristic of both ARDS and sepsis, triggering fibrin deposition in capillary beds, in turn causing organ dysfunction [18] . Recently, both neutrophil extracellular trapping and platelet aggregation have been recognized as key players during ARDS development in septic patients [19, 20] . We found that the coagulopathic score was associated with ARDS development and a higher score seemed to be associated with mortality (p = 0.032) (Fig. 3B) .
We believe that our work re-emphasizes the important role played by activation of coagulation during ARDS development and for 28-day mortality. In addition, CNS dysfunction was associated with ARDS development. It may develop secondarily to hypoxia, hypoglycemia, and/or hypotension in patients with sepsis and may reflect sepsis-induced multiorgan dysfunction. Although relevant data are sparse, Moss et al. [16] found that patients who chronically abuse alcohol had higher CNS scores and were at a higher risk of ARDS. In this context, we suggest that the impact of sepsis-associated CNS dysfunction on patient outcomes be investigated further.
The incidence of ARDS in the present study (17.6%) was lower than that in previous studies [16, 21] , perhaps because of differences in the severity of illness. Fifty-one percent of our patients had sepsis (vs. septic shock, 49.0%), and 37.6% had sepsis of urinary tract origin, which is regarded as less severe than other forms of sepsis. Of the patients evaluated by Seethala et al. [2] , only 9.2% were in shock; the mean APACHE II score was 11.7, and the ARDS incidence was also low (6.2%). However, Eggimann et al. [6] evaluated patients similar to ours and reported an ARDS incidence of 15.8%, close to our figure. In the present study, ARDS development was significantly associated with an increased 28-day mortality, which contrasts previous observational studies [6, 22, 23] . After adjusting for the severity of illness and nonpulmonary organ dysfunction, Eggimann et al. [6] showed that, ARDS development was not independently associated with short-term mortality. This disparity may be the result of the different mortality rates of both ARDS and non-ARDS patients between the two studies. In particular, the 28-day and in-hospital mortality rates (63.6% and 72.7%, respectively) in our ARDS group seemed to be higher than those in previous studies. This could be attributable to their high severity of illness at the time of ICU admission (i.e., SAPS II score, 58; estimated death rate, 63%), and the fact that ARDS occurred in patients with pre-existing septic bacteremia. Our study had several limitations. First, our patient numbers were small, and the retrospective nature of the work may have introduced unidentified bias. Second, our study population was heterogeneous in terms of the origin of sepsis. In particular, the frequency of sepsis derived from urinary tract infections (usually associated with a good prognosis) was higher than that of previous studies. However, we enrolled only patients with septic bacteremia to ensure a homogeneous study population. We also investigated the appropriateness of empirical antibiotic therapy and pathogen multidrug resistance. To our knowledge, very few data are available on the role played by nonpulmonary organ dysfunction for ARDS development in patients with sepsis. Previous studies suggested that the site of infection does not independently affect mortality [22, 23] . Hence, physicians need to pay more attention to organ dysfunction than to specific infection sites when identifying high-risk patients and initiating early interventions.
In conclusion, our data indicate that among nonpulmonary organ dysfunctions, CNS dysfunction and coagulopathy are independent risk factors for ARDS development in patients with septic bacteremia, and ARDS significantly increases 28-day mortality.
KEY MESSAGE
1. Among nonpulmonary organ dysfunctions, central nervous system dysfunction and coagulopathy were independent risk factors for the development of acute respiratory distress syndrome (ARDS) in patients with bacteremia sepsis. 2. The development of ARDS was signif icantly associated with an increase in 28-day mortality in patients with bacteremic sepsis.
